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FTPC Calibration Run-VIII(dAu)-Pro
edure

O
tober 2, 20091 Introdu
tionFor ea
h RHIC run period ambient 
onditions for the FTPC 
hange anda�e
t the true drift velo
ity. The relevant parameters are the gas tempera-ture and the gas 
omposition. The latter is determined by the setting of the
ow meters, resulting in a stable 
omposition throughout the running period(see Fig. 1). However, there remains an un
ertainty in the absolute value ofaround 0.2 %. The temperature of the gas inside the sensitive volume of theFTPCs 
annot be measured dire
tly. There are 
alibrated temperature sen-sors on the aluminum body of the FTPCs. Their readings s
atter over a rangeof about 2 degrees (see Fig. 2). We take the average of the measurementsas the starting value of the 
alibration pro
edure and note that this averagemay not be the true temperature of the gas inside the FTPCs. Therefore a
orre
tion ('temperature o�set') may be required. We have observed a smallsystemati
 drift of this average (< 0.3 degree) with time over the durationof the run period. Moreover, the FE 
ards are powered down during the�lling of RHIC. The temperature in the o� state is about 3 degrees lowerand rises within about 40 minutes to the steady state value with the FEs on.In the following se
tions we des
ribe the optimisation of the 
orre
tions tothe temperature measurement and the gas 
omposition for RHIC run VIII.2 Gain TablesThe following pulser runs were used to obtain gain-tables:8349044, 9013045, 9018068, 9021098, 9039141.1 N.K.Pruthi and P.Seyboth
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Figure 1: Slow 
ontrol system measurements of the ratio of Ar to CO2 
owversus time.In addition physi
s runs throughout the run period were analysed to iden-tify noisy or dead pads whi
h were later ex
luded from the physi
s analysisby setting the 
orresponding gain fa
tors to zero. The used runs were:dAu: 8350051 (16/12/2007), 9013109, 9019008, 9022026 (22/1/2008)pp: 9041043 (10/2/2008)3 FTPC 
alibration with laser beamsOnly laser run 8344094 (De
.10, 2007, 16:16 EST, reversed full �eld), takenbefore the start of physi
s data taking, has all the RDO boards workingand has suÆ
ient tra
k quality. All 3 beam parallel laser tra
ks were avail-able in se
tor 2 whi
h was then used for optimising the drift velo
ity bysmall adjustments of the temperature. First, the laser tra
ks were re
on-stru
ted with the set gas 
omposition of Ar=CO2(50%/50%) and the averageof the temperature measurements (24.05 (West) and 25.22 (East) degrees)and tlaser0 = 1:57�s. The position of the outer beam parallel laser beam ismainly determined by the value of tlaser0 . As shown by the two plots in the2 N.K.Pruthi and P.Seyboth
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edure Run-VIIItop row of Fig. 3 and the 
omparison of surveyed and re
onstru
ted positionsin Table 1, the usyed value of 1.57 �s is 
orre
t.FTPCE FTPCWouter middle inner outer middle innersurvey 28.41 19.44 11.85 28.51 19.45 11.68re
onstru
ted 28.44 19.40 11.85 28.49 19.48 11.68deviation 00.03 00.04 00.00 -0.02 00.03 00.00Table 1: Beam parallel laser beams in se
tor 2 (raft 8): surveyed and re
on-stru
ted radial positions in 
m (extrapolated to the �eld 
age end plane).Optimised temperature o�sets of +1.35 and +3.80 degrees were used forFTPCE and FTPCW respe
tively (
orresponding to temperature values of26.47 and 27.76 degrees).Sin
e the inner laser beams did not re
onstru
t at the surveyed positions(radial position too large) temperature o�sets of +1.35 and +3.80 degrees forFTPCE and FTPCW were introdu
ed. With these o�sets the re
onstru
tedpositions are moved to the 
orre
t positions as seen from Fig. 3 and Table 1.Note that the survey pro
edure (marking the laser beam positions on a sheetof paper and measuring the lo
ations afterwards) probably has an a

ura
yof no better than 0.025 
m.Next we tried to investigate whether the 
hosen 
ombination of gas 
om-position and temperature was resulting in an optimal drift velo
ity map.This 
an in prin
iple be 
he
ked by studying the residuals of the in
linedlaser tra
ks. One should look for minima of� width of the phi residual distribution (transverse proje
tion should bea straight line for laser tra
ks, the mean residual is always 
lose to zerodue to the helix �t)� 1/p from the helix �t (laser tra
ks are straight and should re
onstru
tas in�nite momentum tra
ks)by 
hanging gas 
omposition and temperature in su
h 
ombinations whi
hkeep the re
onstru
ted inner parallel laser beam at the surveyed radial posi-tion. A 
onvenient pro
edure for 
arrying out su
h a s
an does not exist yet.The available time did not allow us to 
omplete the s
an. Table 2 lists for the3 N.K.Pruthi and P.Seyboth
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edure Run-VIII�T �g Di�eren
e(East) Di�eren
e(West)East West Outer Middle Inner Outer Middle Inner-0.75 0.9 0.05 -0.04 0.04 -0.03 0.01 -0.05 -0.100.12 -0.03 0.06 0.02 0.0 -0.02 -0.060.15 -0.03 0.06 0.01 0.01 -0.02 -0.040.18 -0.03 0.07 0.06 0.01 -0.01 -0.02-1.0 1.0 0.05 -0.04 0.03 -0.06 0.01 -0.04 -0.090.12 -0.04 0.05 0.01 0.01 -0.02 -0.040.15 -0.03 0.05 0.01 0.01 -0.01 -0.020.18 -0.03 0.06 0.03 0.01 -0.01 0.01.0 1.2 0.05 -0.03 0.12 0.17 0.01 -0.03 -0.060.12 -0.02 0.14 0.23 0.01 -0.01 -0.020.15 -0.02 0.15 0.24 0.01 0.0 0.00.18 -0.02 0.15 0.26 0.01 0.0 0.02Table 2: Deviations of re
onstru
ted beam parallel lasers from measuredpositions for di�erent temperature and gas o�sets.analysed 
ombinations of 
hanges (�g 
hange in % from 50/50 
omposition,�T 
hange in degrees from optimised temperature o�set) the deviations ofthe re
onstru
ted parallel laser beams from the surveyed positions. It 
an beseen that only a few 
ombinations are useful for the study. The range of the
hanges is not suÆ
ient and the results are in
on
lusive.Figure 4 shows for the optimised temperature o�stes and the 50/50 gas
omposition the distribution of the residuals in the azimuthal (phi) dire
tionand of the values of 1/p obtained from helix �ts. The latter should ideallybe zero. The fa
t that they are �nite demonstrates that there remain somesystemati
 distortions. One should in future also take laser runs with mag-net o� in order to �nd out whether these remaining distortions are due toimperfe
t 
orre
tion of the ExB e�e
t or are 
aused by other problems.4 Determination of FTPC rotation 
orre
-tions and 
he
k of t0 from d+Au dataDismounting and remounting of the FTPCs 
an lead to slight angular mis-alignments with respe
t to the TPC. Sin
e we use the event vertex point4 N.K.Pruthi and P.Seyboth
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onstru
ted by the TPC to improve the �tted momentum a

ura
y, we de-termine small 
orre
tions for ea
h run period (after the TPC 
orre
tions havebeen �nalised). We used the low-intensity, 6 on 6 bun
hes, runs 8348078 -8348091 for this purpose. Re
onstru
tion employing the temperature o�setsoptimised with the laser beams and the value of tdata0 = 2:70�s surprisinglyshowed a deviation of the radial step of the re
onstu
ted 
luster positionsfrom the inner 
athode position of 7.8 
m in FTPCW. In fa
t, the drift ve-lo
ity seemed too large and indi
ated that the temperature o�set needs tobe redu
ed from 3.8 to 2.8 degrees. With this 
hange the radial steps 
omeout at the right positions as demonstrated by Fig. 5. We do not have anexplanation for this in
onsisten
y.We 
an next pro
eed to the determination of the rotation 
orre
tions.Figure 6 shows distributions of the di�eren
es between the x,y positions ofthe event verti
es determined from the FTPCs and the main TPC.Small shifts are 
learly seen in Fig. 6 and their values are listed in Ta-ble 3. From these the re
onstru
tion program derives the ne
essary rotation
orre
tions taking into a

ount the lo
ation of the mounting points of theFTPC. The di�eren
e plots shown in Fig. 7, obtained after applying thesesmall rotations during the re
onstru
tion, demonstrate the su

ess of the
orre
tion. FTPCE FTPCWobservedVertexO�setX -0.05567 -0.12830observedVertexO�setY 0.10610 -0.14330Table 3: Database entries of di�eren
es (
m) between vertex positions re-
onstru
ted in the FTPCs and the TPC using temperature o�sets of 1.35and 2.80 degrees in FTPCE and FTPCW respe
tively and tdata0 = 2:70�s (by
onvention the signs are reversed for X 
ompared to the values derived fromthe plots in Fig. 6).A further 
onsisten
y 
he
k of the drift velo
ity 
alibration and the em-loyed value of tdata0 is provided by a 
omparison of the z (longitudial) positionsof the event verti
es obtained from the FTPC and the TPC. The distribu-tions of these di�eren
es are plotted in Fig. 8. The systemati
 shifts aresmall and of opposite sign for West and East. To 
ompensate we de
ided toin
rease tdata0 slightly to 2.73 �s. 5 N.K.Pruthi and P.Seyboth



FTPC 
alibration pro
edure Run-VIIIRun Type Radial stepFTPCE FTPCW8348091 dAu (low intensity) 7.85 7.769008010 dAu 7.82 7.739027041 dAu 7.88 7.709059022 pp 7.81 7.78Table 4: Stability of radial steps through-out the run. Temperature o�sets1.35 and 2.80 degrees in FTPCE and FTPCW; tdata0 = 2.70 �se
.5 Stability of the radial steps in physi
s runsTo study the stability of the 
alibration through the run period we 
he
kedthe radial steps using the temperature o�sets, gas 
ompositions and t0 ob-tained from the des
ribed 
alibration pro
edure. The runs used for this studyand the obtained radial step values are listed in Table 4 and the 
orrespondingplots are shown in Fig. 9. We �nd that the stability is satisfa
tory. However,we noti
ed that the radial step is steeper in FTPCE than in FTPCW. Wehave no explanation for this feature.6 EpilogueUnfortunately the value of tdata0 whi
h got into the database for run 8 in May2008 was 2.59 insted of 2.73 �se
. The subsequent produ
tion was done withthis in
oore
t value resulting in a radial step at a position (see Fig. 10) whi
his too high by about 2 mm (averaged over both FTPCs). For any physi
sanalysis this error is probably not very serious, but one should neverthelessbe aware of it. The 
orre
t value was now (29/7/2009) put into the databaseretroa
tively, but the produ
tion has not been rerun.7 A
knowledgementThe results dis
ussed in this writeup were obtained by the 
ombined e�ortsof A. Lebedev, N.K. Pruthi, J. Seyboth, P. Seyboth and M. Skoby.6 N.K.Pruthi and P.Seyboth
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Figure 2: Slow 
ontrol system measurements of the "extra" temperaturesversus time around the laser run 83440094 on 10/12/2007 at 16:16 EST.Top (bottom) panel shows FTPCE (FTPCW). The plots 
learly show thetransient when swit
hing on the FEs.7 N.K.Pruthi and P.Seyboth
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Figure 3: Re
onstru
ted positions of beam parallel laser tra
ks in se
-tor 2 (extrapolated to the outer �eld 
age surfa
e) for gas 
omposition ofAr=CO2(50%/50%), tlaser0 = 1:57�s, TEast = 26:47 and TWest = 27:76 de-grees. Left(right) 
olumn shows FTPCE(FTPCW), top, middle and bottomrow show outer, middle and inner beams, respe
tively.8 N.K.Pruthi and P.Seyboth
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Figure 4: In
lined laser beams in FTPCE (laser beam 1, left 
olumn) andFTPCW (laser beam 5, right 
olumn) re
onstru
ted with TEast = 26:47 andTWest = 27:76 degrees and gas 
omposition of Ar=CO2(50%/50%). Plotsshow the distributions of azimuthal residuals (top row) and of 1/p obtainedfrom helix �ts (bottom row).
9 N.K.Pruthi and P.Seyboth
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Figure 5: Re
onstru
ted 
luster positions in FTPCE (left) and FTPCW(right) for low-intensity run 8348091 showing the radial step with �tted lines.Temperature o�sets were 1.35 and 2.80 degrees for FTPCE and FTPCWrespe
tively and tdata0 = 2:70�s.
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Figure 6: Di�eren
es between the x,y positions of the event verti
es deter-mined from the FTPCs and the main TPC. Left 
olumn: FTPCE, right
olumn FTPCW; top row XFTPCV - XTPCV , bottom row YFTPCV - YTPCV .10 N.K.Pruthi and P.Seyboth
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Figure 7: Di�eren
es between the x,y positions of the event verti
es deter-mined from the FTPCs and the main TPC after applying rotation 
orre
-tions. Left 
olumn: FTPCE, right 
olumn FTPCW; top row XFTPCV - XTPCV ,bottom row YFTPCV - YTPCV .
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Figure 8: Di�eren
es ZFTPCV - ZTPCV between the z positions of the event ver-ti
es determined from the FTPCs and the main TPC after applying rotation
orre
tions. Left: FTPCE, right FTPCW.11 N.K.Pruthi and P.Seyboth
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Figure 9: Stability study of radial steps through run VIII: FTPCE on left,FTPCW on right. Results are shown (from top to bottom) for d+Au runs9008010, 9027041 and p+p run 9059022.
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Figure 10: Radial steps in produ
tion d+Au run 9019023 (tdata0 = 2.59 �se
).
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